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L.1

INTRODUCTION

4,1,1

Bac ound

This volume contains the Grumman traffic cepture assess-
ment conducted during the Space Tug System Study phase
culminating with this Data Dump. The results of the
capture analysis constitute a vital element in the flow
leading to establishing program definition and cost.-
The relationships of this effort to other elements in
the flow,and of this volume to other volumes comprising
the data dump,are defined in Figure L.1-1,

A total of six storable tug concepts, applied to four
different program options as shown in Figure L4.1-2,
were evaluated during this study phase. The purpose
of the capture analysis was to establish the effect-
iveness of each of the concepts, characterized in
Figure 4,1-3, in accomplishing the mission model
assigned to its program option. In addition, it pro-
vided definition of the number, type, and distribution
of flights required by each concept to provide a sig-
nificant input to establishing required Tug fleet
size, auxiliary flight elements, operations support, and
other elements leading to total program defintion.:

The material in this volume is organized to provide
both summary results and detailed accountebility of
the derivation of these results, All parameters used
in the conduct of the analyses are provided and
identified to allow easy access to the specifics of the
capture assessment,

Section 4.2 provides a top level summary of the capture
results, permitting a quick comparison of the mission
models used for each program option, as well as the
relative efficiencies of each concept.

Section 4,3 contains detailed summary charts and the
details of the assessment itself for each option and
concept. In addition to mission-by-mission definition
of Tug flight distributions, it provides all perform-
ance characteristics used in the analyses, incremental
summeries for each generic mission classification

(i.e. geosynchronous, non-geosynchronous earth-orbital,

* and planetary), and inputs to the Programmatic/Costing

effort,
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Groundrules, Guidelines, and Assumptions

The capture analyses were conducted within the frame-
work of guidelines and assumptions consistent for all

_concepts and options, with limited exceptions for

unique circumstances. The exceptions to the general
groundrules cited below are listed at the beginning
of the specific section to which they apply.

a. The primary goal of the traffic assessment is to
minimize the number of Tug/Shuttle flights required
to capture the mission model.

b, For this analysis, a mission is defined as the
transportation of a specified payload to or fram
orbit. A flight consists of one or more missions,

c. A clear Orbiter P/L bay volume of 60'L by 15'D

is assumed to be availsble for P/L and Tug plus
auxiliary flight elements (i.e. kick stages, retrieval
delay modules, etc.). Clearances for rotation are
recognized but have not been considered in this
analysis,

d. Sortie missions must remain attached to the Tug
at all times from lift-off through landing. The use
of kick stages, retrieval delay modules, and expend-
able mode Tugs are excluded from consideration.

e. A maximum of three (3) payloads mey be deployed
on a single Tug flight.

f. Only one (1) payload may be retrieved on a single
Tug flight.

g. Mixing of NASA and DOD payloads is not allowed.

h. NASA missions 1-8 may be mixed on a single Tug
flight in any mode.

i. NASA missions 12-16 may be mixed on a single Tug
flight in any mode.

j. NASA planetary payloads (missions 17-24) and
payload 9 must be single deployment flights.

k., DOD payloeds may not be mixed on a single Tug
flight in any mode.

PAGE b- 2



1, .DOD flight modes (i.e. multi-deployments, round
trips) must be consistent with Table A-4 of the
"Space Tug Systems Study Annex A - DOD Mission
Descriptions", dated 15 February 1973.

m. Multiple deployments of NASA missions 12-16
require no Tug phasing for peyload positioning
within an orbit.

n., Payload weights and dimensions quoted in the
NASA and DOD mission models are assumed to include
allowances for adapters between the Tug and payload,
and between multiple payloads.

o. DOD mission 32 (3A) may be deployed either singly
or in a package of two. No orbit positioning is
required by Tug. T

P. DOD missions 36-38 (1lla-llc) may be multiply
deployed as a unit, No orbit positioning is required
by Tug.

Q. DOD mission 29 (12b) is assumed to have a fixed
weight of 2400 1bs.

r. Expendable Tug flight modes will be considered only
for planetary missions.

S. A maximum of two NASA peyload 16's of Low Cost

Design may be carried on a single Tug flight to camply
with Shuttle abort constraints.

PAGE 4= 3
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SUMMARY DATA

While the variations in mission models and performance
requirements for each option make comparisons of Tug
concepts extremely complex, it is inevitable that such
comparisons will be made. In order to place any such
comparison in proper perspective, certain fundamental
considerations must be kept in mind.

The mission models for the four program options were
each dervied from a Total Program Space Tug Study
Traffic Model, Table L4.2-1, but none of the models
duplicate it in its entirety. Option 1 does not
consider payload retrievel at all while Option 2
excludes all Tug flights prior to 1984, Using the
Total Program model and the groundrules established
for each option, the mission opportunities afforded
by total program traffic have been compared to the
option mission models in Table L4.2-2. (For this
comparison, as well as for the capture analyses them-
selves, sortie missions have been tracked separately
because of their unique requirements., Since a sortie
mission has been treated as a deploy plus retrieve in
the directed mission models, simply adding the number
of sortie missions to both the deploy and retrieve
cited in the Grumman analyses will yield the directed
mission dlstributions). The comparison of mission
models shows a significant variation in total opport-
unities, but a fairly consistent capture of those
opportunities by the individual option models. It is
interesting to note that the increase in required
retrieval capability between Options 3A and 3B (2200
and 3500 pounds respectively) increases capture by only
one percent, a total of nine missions.

Similarly, the individual Tug concepts yield a wide
range of performance capabilities under the influence
of the specified option requirements. Table 4,23
summarizes the geosynchronous performasnce capabilities
for the primary flight modes. of each Tug concept,
providing some visibility into their relative abilities.

Teble 4,2-4 summarizes, for each Tug concept, the
number of Tug flights in each basic flight mode (i.e.
deploy, retrieve, round trip, and sortie) required to
capture the mission model for its option. Using the
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mission model comparison (Table 4,2-2) as a point of
reference, it is possible to compare the concepts on

the basis of efficiency from a traffic capture stand-
point, While such a comparison is admittedly rudi-
mentary, not considering operational camplexity, devel-
opment risk, or overall program cost, it does reflect
one aspect of desirability - that of maximum load

factor (payloads or missions/flight). From this
viewpoint, Table 4.2-4 shows that Concept 310A/320AE-3A,
a two stage design, is more effective than any of the
other concepts, with Concept 410AD-2 a close second.

The influencing factors in this conclusion are the
number of round~-trip flights employed and the relatively
low number of dedicated deployment flights. Since

each of the more effective concepts perform comparable
numbers of round trip flights, the basic discriminator
becomes the deployment flights, where Concept 32OA/32OAE
enjoys the advantage of considerably more multiple
payload flights,

PAGE 4- 8
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L.3

4.3.X.1

4.3.X.Y

4.3.X.Y.1

Mission Accomplishment Analysis

This section contains the detailed results of the traffic
capture analyses conducted on each of the six Tug concepts .
included in the four study options. The material is organized
to present each option, and each concept within that option,
sequentially beginning with Option 1, Since the type of data
presented is identical for all concepts, the following des-
cription of the analysis approach applies to all subsections.
Considerations unique to a specific option or concept are noted
on the applicable subsection cover page.

Mission Model

For convenience, the mission model used in the capture
analysis for each option has been included. Subtotals for
each generic mission grouping (i.e., geosynchronous, non-
synchronous earth-orbital, and planetary) have been provided
in addition to NASA, DOD, and combined totals to permit direct
comparison of mission and flight distributions at finer levels
of detail. Each Tug concept must capture every mission in
the model.

conce abe
Performance

As a point of reference for the ensuing capture analysis,
the performance characteristics of the particular Tug concept
are presented first. Any special considerations applicable
to the derivation of performance characteristics are listed
on the cover page.

The performance data for each concept follows the same
order of presentation, as follows:

e Flight Modes
For clarity, pictorial representations of each of the
flight modes considered in the capture analysis have been
provided. Additional details are contained in Volume 6.

0 Geosynchronous Performance
The Tug concept characteristics required for calcu-

lation of performance capabilities have been extracted from
Volumes 5 and 6, and the applicable geometry constraints
and performance characteristics tabulated. Each parameter
used in the capture analysis has been "boxed in" for ease
of identification and parametric data has been referenced
where appropriate. For the evolutionary concepts (Options
3A and 3B), the initial Tug version is presented first.

Where required, parametric presentations of the geo-
synchronous performance data follow the tabulations.
Each of these presentations is appropriately labeled as
to Tug version and parameters considered.




(@

(@

4.3.X.Y.2

4.3.X.Y.3

o0 Geosynchronous Performance Sensitivities
The performance sensitivities for the core vehicle
only are tabulated for each concept.

0 General Performance Characteristics

Generalized performence plots ( AV vs P/L vs i) are
included for each flight mode. Each plot identifies the
reference geosynchronous performance capability as a "dot"
on the i = 28.5° capability curve. The consistent order of
presentation is basic Tug first, followed by core + kick
stage. As with the tabular data, the initial Tug data is
presented first for evolved Tug concepts. :

In order to meet the schedule of preparation for
the Data Dump, the capture analyses for the first three
Tug concepts were campleted prior to final refinement of
vehicle weights. The refined weights for 110A-1, L410AD-2,
and 310/310RE-3A showed increases in Tug/Orbiter adapter
weight and Tug fixed weight which, in turn, affect the
performance capabilities of the Tugs. Table 4.3-1
sumarizes the weight and performance differences. 1In
all cases, the performance capabilities differ by only
a small amount. Examination of the completed capture
analysis indicated that the corrected performance figure
would have little effect on the results. The most pro-
found effect would be noted in the mixed missions where a
re-arrangement of the combined payloads would neutralize
the impact.

Flight Summary

This represents the first of the three successive sub-
sections of the capture analysis which constitute the Mission
Accomplishment input to the Programmetics/Costing effort
reported on in Volume 8. The Flight Summaries are presented,
in order, for NASA, DOD, and combined NASA/DOD traffic. The
entries for each concept are intended to emphasize the principle
characteristics of the subject concept. These summaries are
augmented by more detailed summaries with finer resolution con-
talned in the Detailed Traffic Assessment Data (paragraph
4.3.X.Y.6) following the generic mission groupings.

Information relative to expendable mode and WIR operations
may be obtained from the Flight Element Requirements (paragraph
4.3.X.Y.3) and/or the Detailed Traffic Assessment Data.

Flight Element Requirements

These summaries are the second input to Programmatics/
Costing. The charts identify the number of Tugs and auxiliary
flight elements flown each year for each of the categories
listed. For those Tug concepts employing kick stages, recovery
of the kick stages is determined from the Flight Summary and/or
Detailed Traffic Assessment Data. In addition, summary descrip-
tions of the kick stages used are included where applicable.

As with the Flight Summaries, the order of presentation is

NASA, DOD and Combined NASA/DOD traffic.
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4.3.X.Y.4

4.3.X.Y.5

4.3.X.Y.6

Initial Flight Schedule - Programmatics/Cost

This constitutes the last input to the Programmatics/
Costing effort. In the capture analyses, it was assumed that,
at Tug IOC, enough Tugs of full capability were available to
accommodate the entire traffic profile. The Programmatics/
Costing and Operations efforts, however, were subject to hard-
ware delivery schedules, turnaround capabilities, etc. which
dictated that they assume a graduated build-up in the number
of Tug flights flown in the early years of a program as
explained in Volume 8. These build-up rates will affect the
degree of mission capture as well as the deploy/retrieve com-
bination opportunities in later years. Using the definition of

. numbers are type of Tug flights to be flown during the build-up |

Period, a representative list of the flights to be flown was
compiled from the traffic distributions defined by the capture
analysis. These lists cover only the years when the build up
rate results in less than complete satisfaction of the capture
analysis requirements. It must be emphasized that the casted
Flight Build-up charts are only representative since different
flights and different combinations of mixed payloads could be
selected to satisfy the build-up constraints. Since the effect
of the build up rates on total capture is so dependent upon

the specific payloads flown, and that selection is dependent on
payload priorities not available for this study, the effects
have not been included in the traffic distributions contained
in this volume.

Additional Payload Capture Potential

This material is presented in accordance with the
direction supplied by NASA. Where required, clarifying notes
are included on the cover page.

Detailed Traffic Assessment Data

This paragraph contains the detailed analysis from which
the sumery charts in the preceding paragraphs were extracted.
The material is organized in the following order:

NASA traffic assessment data

NASA geosynchronous mixed missions
NASA non-geosynchronous mixed missions
DOD traffic assessment data

0o0O0O0

Each mission (payload) is addressed individually
identifying the specific flight mode and number of Tug
flights required per year. For the NASA traffic, mixed
payload flights are identified first. The specific make-up
of these mixed payload flights are identified in the
appropriate mixed mission sheets which also indicate the com-
bined weight and volume utilized by the payloads. Where the
combined payloads could be arranged in alternate ways, the
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combined dimensions of these alternates are also included.

In addition to the mixed payload flight distributions, the
Traffic Assessment sheets list each payload that is flown
independent of other payloads. At the conclusion of both

the NASA and DOD traffic Assessment sheets, the flight
distributions for each generic mission grouping are summarized
with a finer delineation of flight modes than was possible

on the Flight Summaries and Flight Element Requirements. A
detailed total summary is also provided.

The assessment was conducted within the confines of the
groundrules, guidelines, and assumptions cited in paragraph
4.1.2. Generally, the approach was to compare the weight
and AV required for each payload, or combination of payloads
if allowed, with the available P/I length and performance
capabilities defined for the concept. An overlying goal
was to minimize the number of Tug/Shuttle flights required to
effect mission model capture. As each flight was defined, it
was entered in the appropriate location on the assessment
sheets.

—— —
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4.3.1 OPTION 1

Deploy: 3500 1bs. starting Dec. 1979
Retrieve: 0 1bs.

Para Subject Page
4.3.1.1 Mission Model L-19
4.3.1.2 Concept 110A-1 4-21
4.3.1.2.1 Performance 4-21

*4,3.1.2.2 Flight Summary 4-29
*4.3.1.2.3 Flight Element Requirements 4-33
*4.3.1.2.4 Initial Flight Schedule L4-38
4.3.1.2.5 Add'l. P/L Capture Potential L-4o
4.3.1.2.6 Detailed Traffic Assessment Data  L4-42

*Inputs to Programmatics/Costing - Volume 8
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4.3.1.1 Mission Model

Table 4.3.1-1 Space Tug Study Traffic Model

(Option 1)
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SPACE TuG STUDY TRAFFIC MODEL OPTION : 1
CURRENT
MisSION DES?GN \'_‘g:succ‘::j-r CALENDAR YEAR
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4.3.1.2 Concept 110A-1

4.3.1.2,1 Performance

a.

l
o Flight Modes (Figure 4.3.1,2-1)

0 Geosynchronous Performance

o0 Geosynchronous Performance
Sensitivities (Table 4.3.1.2-1)

0 General Performance
(Figures 4.3.1.2-2 thru -4)

Comments:

The Tug provides no capability for longitudinal
positioning of payloads after attaining orbit.

- The payload (or payloads) is assumed to have

on-board capability for any additional maneuvers
required for final positioning.

No retrieval capability is required.
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@

FLIGHT MODEDS

i. CORE _ALONE DEPLOY
P/

Mission Orbit

shuttle Orlit
2. CORE + AKS DEPLOY
;- — - KS+P/b — Mission Orbit
/
/
- Tug Orlbnd

shuttle Ocbit

(@

3. CORE EXPENDED DEPLOY - PLANETARY ONLY

Tug 4 7,

shuttle Orbit

@

FIGURE 4-3.1.2 -1
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CONCEPT 110A -

GEOSYNCH DEPLOY PERFORMANCE

Wi = Wpy = Wapapr

Tsp = 327.2 sec
= (5000~ 1279

Wi= 03721 \bs

ISOE"F < (.q93) I&P = 32"‘376 SCC.

= 319) *041C

Tug Length = Ly = 335
AKS Length = Ly = 6bm

Available PL Length = 720 - 335 = 385in =

= 32.08 m’ = 3__9'} w/o IS5

= 720-335-¢66= 319 = 26.58 § x| 26 £t |whis

NASA MISSIONS

WITHOUT KICK STAGESDS

WBo = 3191 4+ 0.17¢329) = 3247 lbs

Wi = £(321.65ec,324T1bs) =[4014 |bs

(Ref Fig. 43.1.2 -2)

WITH KitK STAGES

P\ane‘rc\nj MuéSno‘nS

KS 10| Were = |f(PrLwr, av) 1(%9 Fiq 4.31.2-3)

GEOSY NCH wI5S10nS

KS 102 Ve =| 8207 ibs |(Ref Fig 4.3.1.2-4)
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CONCEPT 1HIOA-| (cont)

DOD MiI9SIONS

WITHOUT KICK STAGED

Weomiasa) + AW comm

Wgo ~
= 3247 * 13
= 3260 lbs
WL F(321bsc, wp=32¢0ths) = |396 4 Ibs [(Ref Fig 431:2-2)

WITH KiICK STAGES
USE NASA Kicle 5‘\'<\<Je Pecfoxmance
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4e3.1.2.2 Flight Summary

‘Table 4e3.1.2-2 NASA Traffic
Table 4e3.1.2=3 DOD Traffic
Table 4e3ele2=i Combined NASA/DOD Traffic

Comnentg:

Qe

From a Tug viewpoint, all deployments are single
payloads, regardless of the number of payloads
actually carried. A more detailed breakdown has
been provided to satisfy other efforts, such as
Programmatics/Costing and Operations.
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4.3.1.2.4 Initisl Flight Schedule - Programmgticg/Cogt

Table 4e3.1e2-9 Costed Flight Build-Up

Commentg:

-

The capture analysis traffic distribution identifies
P/L #8 as a mixed-P/L flight of D1 + D8 in 1981.

To accommodate flight test requirements, it would

be flown as a single P/L flight using an AKS although

the core vehicle has adequate deploy performance
capability.
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PAYLOAD ID OF PAYLOADS FLOWN
FLIGHT
1980 198 | 1982
| 9 ;% AL L
2 ' 7 IO
3 26 Ll
4 | +8
5 l+ 3 +4
[ 343+ 3
7 25 + 25
8 3
9 31
Io 34
H 35
12 35 |
P/L% FLown 3 8 24
eI
s |16 3 17

X Flown with AKS for Yegt purposes onhj. AKS not req'd for mission.

CONCEPT 1IOA-!

- COSTED FLI\GHT BUuUILDUP

TABLE 4.3.1.2-9
PAGE - 37



4.3.1.2.5 Additiongl Pavload Cgpture Potential

Table 4¢3.1.2-10 Additional Payload Capture Potential

Comment g:

None
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4.3.1.2.6 Detalled Traffic Aggesgment Datg

Table 4e¢3.1l.2=11 NASA Traffic Assessment
Table 4.3.1.2-12 NASA Geosynch Mixed Missions
Table 4.3.1s2»13 NASA Non Geosynch Mixed Missions

‘ Table 4e3elel=1l/ DOD Traffic Assessment

Compentg:

a. All missions are core only unless otherwise noted.
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4e3.2 OPTION 2

Deploy: 3500 1bs. } starting Dec. 1983
Retrieves: 3500 lbs.

Para. Subject Page
Le3.2.1 Mission Model 4-52
he3e2.2 Concept 410AD-2 L-55
he3e2.2.1 410AD Performance 4-55

*403.2.2.2 410AD Flight Summary h-72
*403024243 410AD Flight Element Requirements 4-76
*4.3.2,2.4  410AD Initial Flight Schedule L-81
4e3.242.5 410AD Add*l P/L Capture Potential 4-83
4e34242.6 410AD Detailed Traffic Assessment Data 4-85

#Inputs to Programmatics/Costing - Volume 8

DAGE h= 52



43.2.1 Option 2 Mission Model

Table 4.3.2=1 Space Tug Study Traffic Model
(Option 2)

PA(E 4= 53
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2 Con

4.3.2.2.1 4IOAD Performence Page
o Flight Modes

- Figure 4.3.2.2-1 L-56

o Geosynchronous Performance 4-57

- Figures 4.3.2.2-2,-3

o Geosynchronous Performance Sensitivity %-63
- Table 4e3.2.2-1

o General Performance L -6k

- Figures 4.3.2.2:4. thru -11

Commentg:

a. For multi deploy flights, the Tﬁtprovides e one-time
60° longitude shift capability er attaining mission
orbit for payload positioning.

b. For triple deploy flights, one P/L is deployed upon
insertion into mission orbit. The remaining two
P/L's are deployed following a 60° phasing by the
Tug.
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CONCEPT 410AD-?2

GEOSYNCH PERFORMANCE

REFERENCES:

Q. 4I10AD-| Concept De?‘.mht;n, Issue 1, dated ib Augqusi 1973

b. B8IM04T- 73054," Tug Requirements, Revision 2," dated 15 Auq 1973

GENERAL TNFORMATION

Wrixep = 3413 lbs
Wi = Pllo = Wipapr

= 65000 - (279
Wi = 3721 lbs

Weor= Weivep + '&J’“S)

Tug Lens'ﬂ‘\ = Ly = 297 n

Kick Stage Length = Ly = G@ur\

Ocbiter P/L Bay Length= Lo = 720 n

Available PA Bay Lcmj th = LP = Lo —-(LT"' X LK)

Le(wo ws) = 720 - 297
Lo (win us) = 720 -(297+ Gb)

LP(w-ﬂ\ 2vs) =720 -(297+4132 )

NoTES Kick Stage Diameter

NASA MISSIONS
WITHOUT KIiICK STAGES

Single Payload

WBO(oep\og ) = Weor ~Wgwy = 3413+ 0.7 (350)-107

Weo (Retribve ) = WeoT

Weo (Round ‘fnf) = WeoL

=

T9P = 338 sec

Topeer = 483 Lap = 332.254 sec

= 423 .n

357 n

241 in

\o-12 £4

34\3 +0.286 (491)

3413 + 0.27(602)

PAGE

L= 57

35.25 {4

35 0

e

¢

29758 x| 29 {}
24.250+ «~|{ 24 %+

1

3365.5 lbs

3550 lbs

357¢ lbs



CONCEPT 410 AD -2 ccont)
Single Payload Ceont)

el
(FGj 4322 4

We/L Coeploy) = §(Wis6312, Weo= 3345.5, Ispe = 332.254) 4914 lbs "
| 574 lbs | 43225)

Re(
(Fig 43.2.2-06 )

W/ (patnevey = £ (63721, 3550, 222.254)

wp"-(l?wm Tew) © ‘F(‘B'ﬂ.l, 3576, 332.284 ) =| 1080 Ibs

Molt - Pagloads

We/ CDeploy ) = ?(Ffsqre 4.3.2.2-2)

WP/L (Rourd ip) = T(Figure 4.3.2.2-3)

WITH KICK STAGES

- KS 40)  Planetary Deploy

Weo = Weey- Werey = 3413+ 0.17(265) - 107 = 335] 1bs

5000 lbs See
TO

wP/L (Planel’anj ) = "\(P/wa) AV) = Fiqg 43.2.2- 7

av = i8.400 Tes

KS 403 5\'n3|e. P/t Deploy - Retrieval on Later Flnlﬁb_*

Weo = Weor = 3413 +0.17(265)- 107 = 335! lbs  (Deploy Flight )
Weo = ‘wiwt = 3413 1 0.78 ((oo) = 3598 tbs (Qe'l‘r@ve. Fl\ﬁh‘)

. See
We = Flwi,wae, Iope, av) = 3920 lbos |riq 43.22-8

KS 404 Double P/ Deploy - Individual Rebrieval on Later thﬂ},

Weo = Weor ~Werev= 34134017 (335)-107 = 3363 1bs  C Deploy Flight )

Wgo = Weor = 3134 0.28 (660) =, 2598 1bs (Retrieval F\(ﬁH)

See.

We, = f(m;,weo,\:spe,w) = 2770lb5/m_ Fiq 4.3.2.2-9
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CONCEPT 410AU-2 (cont)

KS 405 S\Vnﬂle P/L Round Tr\‘E

Weo = Weex = 3413 +0.27(522) = 3554 Ibs

See

wp/'_ = F(w;" Weo , ISPE)AV) = 2640 lbs Fij 4.3.2.2-10

KS 405A  Deploy Heavy, Non- Recoverable P/L On Round -Trip FI ight.

Weo = Weor = 3413+0.27(522) = 3554 |bs

See
Weyy = Q(wz,u_as.,,:sv, av) = 6o 20 lbs Fig 4.32.2-1
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CONCEPT 410AD -2 (cont)
DOD MISSIONS

WITHOUT KICK S TAGES

@3\6 pou:slocld

Weo = Wao (nasa) t AWeomm = Weoguasa) + 33

Weo (vepoy) = 3366 + 33 = 3398 |Ibs
WeocreTricve) = 35950 + 33 = 3583  lbs

WBo (Rowsd TRip) = 3576 + 33 = 3609 s

See
WorL (peploy ) = 2128 1bs  IFiy 43.2.2-4
o (petneve) = |12 S Ibs kg az.2.2-5
Wo (Round Tnp) = 1044 lbs Fig 4.3.2.2-¢

Mult - PC\LJ\OadS

Wei (peploy) = T (Fiqure 4,3.2:2-2 )

W?/‘— (Retrieve ) © F (F\aure 4.3.2.2- 3)

WITH KICK STAGES

Use NASA Kick Staqe Performance

See Figure.s 4.3.2.2 -8 ‘H\rouﬂh =1
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4e302.2.2 4IOAD Flicht Summary

Table 4030202‘2 NASA Traffic
Table 4.3.2.2«3 DOD Traffic

Table 4e3.2.2w) NASA/DOD Traffic

Compentg:

None
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4e3.2.2.3 4JOAD Flight Element Requirqmepts

8.

b.

Ce

d.

Table 4e3.2.2=5 NASA Traffic

Table 4.3.2.2=-6 DOD Traffic

Table 4.3.2.2=7 Combined NASA/DOD Traffic

Table 4+3.2.2-8 Concept 410AD-2 Kick Stage Definition

~ Commentg:

Deorbit kick stages are accounted for in the year they
are launched, not in the year they are retrieved.

Deorbit kick stages launched prior to 1984 to support
Tug P/L retrievals are charged to the Tug program.

Deorbit kick stages required to support Tug P/L retrievals
and launched in 1979 are accounted for in 1980,

No Deorbit kick stages can be launched prior to 1980,
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4e3+242.4 LIOAD Indtial Flight Schedule

Table 4e3.2.2-9 Costed Flight Build-UP

M=

None
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PAYLOADS FLOWN - .
FLIGHT 19 84 19 85 19 86

' 0-8 0-7 AL L

y D-8 D-8

3 0-9 D-8

4 D-10 R-5 («s)

5 0-18 R~-5 (us)

4 D-18 R-9 (ks)

7 D-20 (xs) D! + R3 (vs)

8 D-2o (xs) D2 + R2 (us)

9 R-12 D3 + R3  (¢s)

o R-13 D3 *R3 (xs)

I DI + R) D3 + R3 («s3)

1z DI+ RI D3 + R3  (xs)

3 Di4 + R4 D4 + R4 (Ks)

14 OIS+ RIS D6 + R3 (us)

5 D-28 (¥s) D7 + R (¥s)

16 D-28 (xs) DU+ Ry

"1 D-31 (xs) Dib+ R1b

18 N D-3} (xs) Dib + Ril
= il D37+ D37 + D37 Dib *RIb

20 D39 + D39 + D39 DIZ+D1d + Ri4d

2\ R-34 DIZ3+DIS + RIS

22 D25 + R25 D-30

23 D25 + R25 ___b-30

24 D35 + R35 D40 ¢ D49

25 D35 + R35 D38 + D32+D38

20 D25 + R25

27 D25 + R25

28 D27 _+ R27 (ks)

9 D33 + R33

30 D33 +R33

3\ D35 + R3S

3z D35 + R3S

33 SorTIE 4| '

34
FLTS: FLOWN /SCHED 25/ 43 . 33 /35 38 /38
P/L DEPLOY : FLOWN /SCHED 29/ 37 24 / 306 32 /32
P/L RTRV % FLOWN /QeHED I/ 27 25 /27 28 /28
SORTES t FLOWN /SCHED 0/ 0 1/ °e/o
TABLE 4.3.2.2-9 CONCEPT 410AD-2 COSTED FLIGHRT BUILDUP
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4+3.2.2.5 4IOAD Additional Payload Capture Potential

Table 4.3.2.2-10 Additional P/L Capture Potential

Comments:

e

Time did not permit the examination of additional Tug
flight modes, such as on-orbit assembly for two stage
operation or modified kick stage applications.

Rough estimates indicate that if KS 405 were used as
a single P/L deploy with subsequent retrieval by a
dedicated Tug flight instead of round-trip, it would
have adequate performance to deploy and retrieve 5500
pounds at geosynchronous conditions. Since this
estimate cannot be substantiated at this time, however,
additional capture potential for missions N-6 thru
N-8 has not been claimed.
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4he342.2.6 AL)OAD Detgiled Traffic Asgegssment Datg

Table 4e3.2.2-11 NASA Traffic Assessment
Table 4e3.2.2-12 NASA Geosynch Mixed Missions
Table 4.3.2.2-13 NASA Non-Geosynch Mixed Missions

Table 4e3.2.2=-1, DOD Traffic Assessment

Comments:

a. Kick Stage Designations enclosed by parentheses ( )
indicate retrieved Kick Stages

b. All missions are accomplished by the basic Tug core
unless otherwise indicated.
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MIXED MISSIONS:

NASA GEOSYNCH

OPTION : (400D Q)

 PAYLOAD AUX TOTAL ToTAL’*‘_ '
eer
— . P/l P/l
VAR ‘o v [ 2 ] 2l a o ¢ —7 | 8 |meventi (R o b
B4 1 &1 @ ! © 0| o @ |
102l @ | !
© | D i ’ . ! ! | — Qoo oxG |
_ R | | 3 ! R “ “
| I ; T i 1
@!> a ! ! i — R R
R ’ ' l : ; W ; W ‘
T t T — +
3 | ! l ; D KS 405A | 30006 i 20%\0 2
’ | : ; o _ :
i L R ' (s 4o8) | 100 | 1oxd
T T T . .
& N AR
. i R s f (m 40‘5) W ! . N -
: — f T
® : i LA : Ks405 | 210 | \2xB |
SRS wodon) o L x|
| Y ‘ ' : . o i W |
@ | R . N V(- Y ) B !
' , v ! !
@ . 4: g . ) u L ] u f
1 e R f N oo ! 8w |
) @ R ; N W : W J
® R L . A R
® : | D — - 3500, 25x\4 |
_® f } D — R B
s ol o © & 0 ® @ @ 5 j
10 © @ 0. 0 ‘ i g
0D S s 405 | oo | ioxG ‘
| . R | (ks405) ; 2lIco | zx® ¢
@ D : ; : Ks465 \7QO , 8x D 3
R ; ! L esdony! o , W ¢
€) | , D . .} KS40s| 1Boo tox4
- R (xsdod| ‘%
@ ‘ D ! , KeqosS | 2o | 12¥8
, R ; i @sao9)| N F N
®& D ‘ | ; ; K dos W n
i R 1 ;L 643405) v ;,,_._‘l —
@ ; . D ‘ ; KsdoS W
" L R | | | (k3409 " v
. : : ! : ; " . . |0 \!
@ 1 | D !; % : '. s K% ' T "
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TABLE ‘4.3.2.2- 12
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4.3.3 OPTION 3A

Deploy: 3500 1bs Starting Dec. 1979.

Retrieve: 2200 1bs

Starting Dec. 1983

Paragraph Subject

4.3.3.1 Mission Model

4.3.3.2 Concept 310/310RE-3A

4.3.3.2.1 210/310RE Performance

*4.3.3.2.2 310/310RE Flight Summary

*4.3.3.2.3 310/310RE Flight Element Requirements
*4.3.3.2.4 "310/310RE Initial Flight Schedule
4.3.3.2.5 310/310RE Add'l P/L Capture Potential
4.3.3.2.6 310/310RE Detailed Traffic Assessment Data
4.3.3.3 20A/320AE-3A

4.3.3.3.1 320A/320AE Performance
*4.3.3.3.2 320A/320AE Flight Summary

*4.3.3.3.3 320A/320AE Flight Element Requirements
*4.3.3.3.4 320A/320AE Initial Flight Schedule
4.3.3.3.5 320A/320AE Add'l P/L Capture Potential
4.3.3.3.6 320A/320AE Detailed Traffic Assessment Data
*Inputs to Programmatics/Costing - Volume 8
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“ 4.3.3.1 Option 3A Mission Model

Table 4.3.3-1 Space Tug Study Traffic Model
(Option 3A)

COMMENTS

None
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SPACE TUG STUDY TRAFFIC MODEL

OPTION : 3A
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4.3.3.2 Concept 310/310RE-3A

4.3.3.2.1 320A/320AE Performance

o Flight Modes Page 4-104
- Figure 4.3.3.2-1

o Geosynchronous Performance 4-105
- 310 4-105
- 310RE 4-107
- Figures 4.3.3.2-2 thru -5 4-110

o0 Geosyncrhonous Performance Sensitivity 4-114

- Table 4.3.3.2-1

0 General Performance 4-115
- Figures 4.3.3.2-6 thru -9

COMMENTS :

a.

For multi deploy flights, the Tug provides a one-time
60° longitude shift capability after attaining mission
orbit for P/L positioning.

For triple deploy flights, one P/L is deployed upon
insertion into mission orbit. The remaining two
P/L's are deployed following a 60° phasing by the
Tug.

For double deploy/retrieve round-trip flights, one
P/L is deployed upon insertion into mission orbit.
The remaining P/L is deployed following a 60° phasing
by the Tug. The retrieved P/L is assumed to be
coincident with the second deployment.

The 310RE Retrieval Delay performance (Figure 4.3.3.2-5)

is corrected for the weight (544 1bs) of the Retrieval
Delay Module.

PAGE 5,-193
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SINGLE P/L DEPLOY MULTL - P/L  DEPLOY
i\p/n.@ L@
PA @+ ROM
RETRIEVE RETRIEVAL DELAY
p/L@ L®
! P/L@ +ROM / \ !P/L@mom
DELAYED RETRI\EVE DEPLOY + RETRIEVAL DF_\-AY
P} PA®
L®i L e/
ROUND TRIP SORTIE

CONCEPT _310/310 RE-3A
FLIGHT MODES

FIGURE 4. 33 2 -1
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CONCEPT 310-3A

GEOSYNCH DEPLOY PERFORMANCE

REFERENCES:

Q. 3A10-1 Concept Definition, Issue 1, dated 16 Aug 1973

b. B8IMO47- 73054," Tuq Requirements, Revision 2," dated 15 Auq 1973
g e s ‘ 9

GENERAL INFORMATION

Wrixep = 3173 lbs

Wapapter = 1223 tbs

Wi = Pllo - WaparT = 65000 - 1223

W= 63777 lbs

WegoL = Weiep + X (Consumables )

= 3173+ 0.17C¢

Tug Length= Lg= 297 in

Orbuter PIL Bay Length = L,

Available P/L Length = Lo -Lr = Lp
Lp = 720-297 = 423 n

NASA MISSIONS

SINGLE P/L. DEPLOY

Isp = 338.0 sec
TSPE = 0.983 ISP = 332.25 ser

AV, = 13967 fps

Z= 0.17 Cdeploy)

32.25 {4

Weo (peploy) = Weox = 3173 +0.17(354) = 3233.18 lbs

We/L (peploy) = F(eITT7 Ik, 3233 ths, 332.25 sec, AV) =

PAGE 4-195

See

5417 lbs Fig 43.2.2- ©




CONCEFPT 310-3A(Conl)

MOLTS - P/L DEPLOY

Weo (multi-pa) = Weor = 3173+ 0.17(534) = 3263.78 Ibs

See
Wrncmothi-ei) = Flwi,weo, 150 ,8v0, 8V, 8v,)= | Fig 4.3.3.2-2

AVg =£(4=60°) = 292 fps

DOD _MISSIONS

Weo = Weo (nasa) + AWcomm
= Weo (nasa) + 13.2

SINGLE P/L DEPLOY

Weo (peploy) = 3233.18+13.2 = 324(.38 lbs

See

‘“P/n.co.p\,w = P(wi, Weo, Ispe, AV, AL ) = 5369 lbs Fig 433.2- G

MuLTy - P/L DEPLOY

Ww(mn;.pm: 326378+ 13.2 = 3276.98 lbs

See
wP/L(mHi-P/..) =V(wé,weo,1$%,£svu,AV¢,AVD) = Fiq 433.2-2

AVe:£(o=60*) = 2972 Fps

PAGE 4-10¢



CONCEPT 3I10RE- 3A
GEOSYNCH PERFORMANCE

REFERENCES:
Q. 3AIORE -1 Concept Definition, Issue 1, dated 16 Aug 1973

b. B 8IMo47- 73054 ," Tug Requirements , Revision 2," dated i5 Aug 1973

GENERAL INFORMATION

ISP = 338.0 sec

Weirep 3396 lbs

Wapaet = 1223 Ibs ISPE= 0.983 TSP= 332.25 sec

W erey 107 lbs

AVU 213967 pps

AVp = 13885 Cps

W= P/L, - Wppapt =65000-1223

W= 63777 lbs AVoo = 30 £ps (Retvieve)

A\/oo = 130 Fps (Round Trlp)

WeoT = Weep + X (Consumables ) AVy = (9=60°) = 292 s (MuH\"Deplog ]

Waor = 3396 +AC

xX = o—'\j(oeplot,) 5 L%(Refruéve) 5 9.27 (Reund Trip)

Tuj Lenﬁi’\\ =Ly = 297 in

Retreval Delay Medule Length =Lg = 26 in : RDM diameter =10 {}

Orb: ter P/L Baj Lcnﬁﬂ.\ =1, = 720 wn

Available P/L Length =Lp = L,-(Ly+Lg)

35.25 % | wio rom
32.25 £+ |wtu RoM

"

7'20 - ('297) =423 n

Le

H

720 - (29743, )= 38T in

PAGE 4-107



CONCEPT 3I0RE-3A (Cont)

NASA MISSIONS

WITHOUT RETRIEVAL DELAY MODE

Single P/L
Weo (peploy) = Weor - Werev = 339, +0.17(354) ~ 107 = 3349.18 1bs
Weo (petrieve) = Weor = 3394 +0.28(496 ) = 3534.88 lbs

Weo (Rund Trip) = Waor = 3396 +0.27 (6lb) = 356232 Ibs

AY

wP/L (D_eplo\j) = F(W(.wﬁn ,ISPE, AVu, AVD) = 5026 lbb
Wt (Retmeve) * § (Wi, Wao, ISPE, AVe, AVew, AV ) = | 1 ©18 Ibs
WeA (raund Trip): F ( " )y =| 1096 lbs

Mult - PﬁL'S

See
Fig. 4.3.%.2-7

F.3.4,3.3.2-8

93,4-3.3.2- 9

wsocoeplog) = Weoer - Wetev = 3396+ 0.17(534) =167 = 3379.78 lbs

Weo( Mu\h-Deploj)“ Weor = 3396+ 0.27( Gl ) = 3562 3216s

0\! nd rl’lp

Fiq 43.3.2 -
Wer (mutti Deploy ) = F(uk,wee, TSPE, Ay, Ay, AV ) = i§43.3.2-3

w".(Mulh Dtpbj) .“( " ) s Fis 4.3.3.2-4
Y‘lr .

WrTH _RETRIEVAL DELAY MODE

wBOCRb)= Weor = 3396+ 0.27 (619) = 3563.13 Ibs

wP'L = ‘F(P/["stuweo, L veoesrep) = Fig 43.3.2-5
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CONCEPT 3I0RE-34 (cont)
DOD MISSIONS “

* Waocuasa) + 33
WITHOUT RETRIEVAL DELAY MODE
Smsle P/L

Weo (peploy) = 3349:18 +33 = 3§82 18 Ibs

Weo (getricve) = 3534.88+ 33 = 3547 88 Ihs
WBo (Round Trip)® 3560232433 = 3595. 32 lbs

See
We/L (beploy ) = £ (e, weo, 15PE, pve, 0V ) = | 4905 lbs Fig4-33.2- 7
Well tRetneve ) 7 FC0 wao, Tote, V0 M )| 1554 Tbs |5y 45.5.2-8
Wri (Round Trop) = ¥ ( Y )=] 1062 Ibs Rq43.3.2-9

‘ Mult - P/L Deploy
' —3

Weo = 3379.78 +33 = 3412, 78 \bs

Wey = £ (W, we,, Tspe, Mo, BV, AVe) = Fiq 4.3.3.2-3

WITH RETRIEVAL DELAY MOD £
_“—-——_———%

Use NASA performance

LUP/L = Ftﬁ 4'3'3'2‘5
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\. 4.3.3.2.2 310/310RE Flight Summary

Table 4.3.3.2-2 NASA Traffic
-3 DOD Traffic
-4 Combined NASA/DOD Traffic

COMMENTS :

None
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\_. 4.3.3.2.3 310/310RE Flight Element Requirements

Table 4.3.3.2-5 NASA Traffic
-6 DOD Traffic
-7 NASA/DOD Traffic

COMMENTS :

a. Retrieval Delay Modules are launched and retrieved
in same year.
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‘ 4.3.3.2.4 310/310RE Initial Flight Schedule

Table 4.3.3.2-8 Costed Flight Build-Up

COMMENTS :

a. Abbreviations used in Table

D = Deploy

R = Retrieve

EXP = Expended Tug

DR = Delayed Retrieve
RD = Retrieval Delay
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FLIGHT

PAYLOAD FLOWN

19- 80 9 8\ \9 82 19 83 19 84 19 85

| D-9 0-9 AL L ALL D-9 AvlL

2 D-\7 o-u ( ol e | ]

3 0:35 | o1+o8 h ﬁ o-8 g )

4 D2+ D3 / \ D - 20 (exp)

5 D3 + D3 K / D-20 (&xP) [

6 D4+ 07 \ / D- 24 (£x0) (

7 D-31 } K D - 24 (€xP) \

8 D-31 / \ R-\ \

9 D-34 \ \ R-\ ]

o D-35 \ / R-Z (PR r

A D-35 l / R-Z (pp) !

12 D25+ D25 / R-3 (pe) \

13 { R-3 (o®) 3

14 \ RD-2 /

1s \ RD-2 (

o Z DB8+RDD \

1 / D8 +RD3 \

'8 \ { DI4+ RI4 /

9 \ \ D -28 /

2 ) \\ D-28 ([

A / \ D- 31 \

22 ( / 0-3| \

23 \ / R-20 (DR) )

24 \ \ R-27 (bR) 7

25 / \ D32 4032 /

26 ( \ D32+D32 {

27 \ / D25 +R25 \

28 ) [ D26+ RDzb \

29 { ) \ D27+ RD27 /

30 \ W D 37+037 +D37 /

2 l / D39+ 039+ D39 (

32 ¢ Y | - ¥
FLow ¢ SCHED 3/20 12/ 15 17 /17 ~27/ 27 "32/5l 4z /42
Frount °7§’i".;:." 3/34 17 /23 24 /24 Aa7/47 28 /37 36/ 36
:;:up}“srf;gé’ o/o0 °/o /0 o/o 10/ 25 | 24/14
n.oi?/?ceaseb °/0 °/o °/o 1/ °/ao 1/

CONCEPT 310/ 3I0RE-3A

COSTED FLIGHT BuILD -UP

TABLE 4.3.3.2 -8
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4.3.3.2.5 310/310RE Additional Payload Capture Potential

Table 4.3.3.2-9 Additional Payload Capture Potential

COMMENTS :

a.

The Retrieval Delay Mode provides the capability of
retrieving up to 8000 pounds from geosynchronous
orbit, far in excess of the quoted deploy capability
for this concept. The complement of the Retrieval
Delay Mode, however, a Deploy Delay Mode which was
not required to satisfy the requirements of the
option, offers the capability of deploying payloads
far in excess of the basic approach and would permit
deployment of missions N7.

Within the groundrules established for conduct of the
sortie mission, this concept cannot capture mission
D29. 1It is possible, however, to explore applications
of the Retrieval Delay Mode which offer the potential
of performing a variation of the sortie, namely de-
orbiting but not retrieving the sortie payload on

the same flight.
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4.3.3.2.6 310/310RE Detailed Traffic Assessment Data

Table 4.3.3.2-10
-11
-12
-13

COMMENTS :

NASA Traffic Assessment

NASA Geosynch Mixed Missions
NASA Non-Geosynch Mixed Missions
DOD Traffic Assessment

a. All missions are accomplished without Retrieval
Delay unless otherwise indicated.
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4.3.3.3 Concept 320A/320AE-3A

320A/320AE Performance

4.3.3.3.1
o
o
o
o
COMMENTS :

Parformance is

PO =7 W 4

flight modes.

Flight Modes

Figure 4.3.3.3-1

Geosynchronous Performance

Geosynchronous Performance Sens1t1v1ty

320A
320AE
Figures 4.3.3.3-2 thru -4

(Not Available)

General Performance

Figures 4.3.3.3-5 thru -12
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4-150
4-150
4-153
4-158

4-161

Two Stage Slingshot performance was calculated for
Because Reverse Slingshot is primary high

320A.

DOANAT

perrormance I.I.lgnl: mode for 320AE and excess capa-
bility associated with 320A Slingshot,
was considered representative of 320AE Slingshot

performance.

the 320A value

One stage deploy performance for 320AE equal to or

greater than that of 320A.

Accordingly, 320A per-

formance curves (Figure 4.3.3.3-5) were used for
both Tug versions.

The Tug provides a single 60o phasing between first
and second deployments for multi-deployment flights.
No additional phasing is provided for a third deploy-
ment or & subsequent retrieval.
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TWO STAGE
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Uil
3 4

SUINGSHOT . SIRGLE F/L PLOY SLINGSHOT MULT\- P/L DEPLOY
/ P/L ®
EXPENDABLE (PLANETARY ) REVERSE SLINGOSHOT RETRIEVE
P/ ® I | h®
O REVERSE SULINGSHOT ROUND TRIP REVERSE SLULINGSHOT SORTIE

CONCEPT 320A/320AE -3A
FLIGHT MODES

FIGURE 4.3.3.3 -
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CONCEPT 3204 3A

GEO SYNCH PERFORMANCE

REFERENCES?

Q. 320A-1 Concept Definition, resue 2, dated 28-29 Aug 1973

GENERAL INFORMATION

Weixep = 2695 lbs Isp = 338.0 Sec
Top = 0993 ISP=332.25 seC

WapaeT 11 tbs (one s‘i’cxge)

i

1924 lbs (two stage)

W: = P/Lo - WapaeT

W, = 69000~ 1kl = 63389 \bs

W= 65000- 1924 = L3070 lbs

weot = Wrixep + X (consumables) X=0.7 (Dcp\og )

2695 +0.a7C

Tug Length =Ly = 204.76 in/stq
Tug Interstage Adapter Length:=L, = 3.0 n (Two Stq Flits Only )
Tug Forward Mounting 